We have shown in a previous paper that the Dirac bispinor can vary like a four-vector and that Quantum Electrodynamics (QED) can be reproduced with this form of behaviour.
where r σ are the Pauli matrices. We set the speed of light, c, and
where h is Planck's constant, to 1 except for final results.
Summary
We have shown in a previous paper that the Dirac equation may be solved to yield a wave function that is a reflector matrix whose quaternion elements are the Dirac bispinors. (1) In this novel representation of a bispinor, it is easy to show that under spatial rotation, Lorentz transformation, charge conjugation, parity change and time reversal, both the bispinor and the mass term can vary like a four-vector. There is also a conserved charge density current where these variables have the same behaviour, which leads to a photon equation. The Dirac and photon equations hold in the usual four-dimensional flat spacetime which we call L. Here we will show that the Dirac and photon equations with the same transformational behaviour also hold in a second four-dimensional space we call M. M has a scalar parameter, R, describing the space and an alternative topology.
We define a bijection between points in L and points in M which allow us to determine the behaviour of a particle in M given its behaviour in L or the reverse. Using this, we discover how to relate the charge density current in M to that in L which means we can transfer an interaction in L into M or the reverse.
We describe the two-body attractive interaction by assuming one body generates a potential field in conformity with the photon equation while the behaviour of the second body is determined by solving the Dirac equation with this potential. We discover how to model the attractive two-body interaction in M using the photon and Dirac equations. We show that the solutions of the Dirac equation resemble the orbits of Bohr. (7, 8) We deduce the same two equations as Bohr did to describe such two-body interactions although we transfer them into the new space M. We call these equations the Bohr equations. We call our model of the two-body interaction in M the Bohr interaction.
We resolve the discrepancy between the integer angular momentum for the two-body interaction predicted by the Bohr equations for M and the half-integer angular momentum found when the Dirac equation is solved in the usual way in L, for example the one-electron atom. (6) We will call this latter structure the Dirac interaction. We show that the two methods of describing the two-body interaction lead to similar results, and that in many circumstances the two states would be indistinguishable.
In part (2) of this paper (4) we use the results here to derive QED from the two-body interaction. We use a space whose local topology and varies. However, this space is locally equivalent to some M, and continues to map to L.
THE EQUATIONS IN M-SPACE

Preliminaries
The versatile Dirac equation for an electron is (1) ( )
where e is the charge on the electron, and we define the meaning of the underline by
We call such matrices reflectors. We also have , ,
where the µ x are real. Then
The Dirac equation (2.1.A) holds in L, which we have co-ordinated with the Cartesian co-ordinates(
. We provide a definition for , A the potential term, similar to that for D ( )
where the four-vector( φ . In this case ( )
behaves like the energy-momentum four-vector of the electron.
Definition of M-space
We transform the photon and Dirac equations into the alternative space, M. We define M-space in terms of an explicit co-ordination of M and L which highlights the simple symmetry we want to retain.
The(
plane of L may also be described using polar co-
,θ r where we have
and s′ is the arc corresponding to r andθ in L. We will also use the alternative set of co-ordinates for L,(
). We introduce a further vector along the arc 
where L τ d is a small displacement in L and we have used the same coordinates for both spaces for the purposes of comparison. It is apparent by inspection of the metric for M that the space is not curved in the sense applicable to General Relativity. (13) Nevertheless, the mapping (2.2.J)
gives it rich properties most usually associated with curvature.
Suppose we have an application for the Dirac equation (2.1.A) in L.
We would like to know how to formulate the same application in M. We have translated the variables into the co-ordinate system for M, but we
have not yet eradicated all the effects of the mapping (2.2.J). Since the same volume has a different size in M and L under the mapping, volumes will also be affected and so will any variables defined using volumes. M has no dependency on volume and is not affected but the potential is derived from a Dirac current. The latter is a charge density current and therefore both the current and the potential are affected if the volume element changes. The wave function is used to define another Dirac current and will also be affected.
We calculate the effect of the change of volume element. The volume element for L is
We consider the volume element where 1 
holds for all cases.
Revising the potential for M-space
Proceeding as in Bell et al. (1) we find the versatile photon equation
is the usual Dirac current.
The only property of interest here is that for a suitably chosen frame the current may be expressed as a charge, ( 
Equation ( 
where s J and r J are the components along the arc and radius.
we obtain instead of equation (2.3.D)
where the potential in M isM 
We now know that, ifÃ is the appropriate potential term for some application in L, thenM A is the appropriate potential term in M. 
The final version of the Dirac equation in M is
We note in particular that, since the photon and Dirac equation hold in M, conservation of energy is guaranteed for electromagnetic processes.
TWO-BODY SOLUTION IN M
Bohr's first equation
We consider a two-body attractive interaction in M. We work in the rest frame of one body which we call the nucleus. We may solve the where f represents the charge on, and a the distance from, the nucleus. 
whereM iA is the potential due to the nucleus in M.
To be concrete we assume the second body is an electron. Since the electron is in a constant potential, , M iA we expect the solution to the Dirac equation to be a plane wave. In the most general case the electron will have a velocity but for a plane wave this must be constant. We add the condition that if the electron is near the nucleus it must remain so, on the principle that we expect an attractive interaction to yield a bound state. This means that the electron cannot have any radial velocity and the velocity must lie along , s δ that is, the electron has a circular orbit round the nucleus. This leads to a solution of equation (2.3.I) We see from the third of equations (3.1.D) that there is an equivalent free electron with wave number µ and frequencyη i given bỹ
This electron, which we call the Bohr electron, can be seen as the one originally considered by Bohr in his model for the one-electron atom (7, 8) ,
although Bohr was unaware that his theory held in M rather than L. A trickle of papers continue to investigate Bohr's theory, for example Ho,
Kastrup, 
the velocity of the Bohr electron. We comment on why the Bohr electron does not radiate. The circular orbit can be seen as a consequence of the properties of M in the same way as a geodesic is a consequence of curvature. Then the electron is in an inertial frame and therefore does not radiate. This depends, however, on considering the electron as a point, so that there are no tidal forces, rather than an extended classical electromagnetic field in L. (13) Although we have an energy eigenstate in the first two equations of We may apply de Broglie's relation (9) in M to the Bohr electron This is the first of Bohr's equations. It is also the same as that proposed by Bohr (7) when his relativistic correction (8) is taken into account.
We may obtain equation (3.1.J) in the absence of a wave function by replacing the electron's mass with the energy-momentum four-vector, but assuming the circular orbit in L when R r = is Newtonian. The Newtonian equation of circular motion can then be used. (9) Alternatively, the circular motion can be treated using the geometrical methods of General Relativity, as Bell et al. have done. (2, 3) This also leads to equation (3.1.J).
Bohr's second equation
We posit that there is a single value of the wave function, , h This is the second of the Bohr's equations. It is also the same as that proposed by Bohr (7) when his relativistic correction (8) is taken into account.
We note that the condition (3.2.C) means that the descriptor of the spin of the Bohr electron,
φ in the first two equations of (3. Another way of describing the condition, without explicit reference to the electron's wave function, is to state that the spin descriptor must return to the same orientation for each circuit of the position vector. In other words, the system is cyclic. This route has been taken to satisfy Bohr's second equation in the absence of a wave function by Bell et al. (2, 3) Equations (3.2.C), (3.1.J) and (3.1.H) give the same energy levels for the Bohr interaction as those proposed by Bohr (7, 8) for the oneelectron atom. Exactly the same energy levels are also given by the Dirac interaction applied to the one-electron atom, omitting fine structure.
The same energy levels are also given by Sommerfeld's model of the one-electron atom for circular orbits. These occur when the principal and azimuthal quantum numbers are equal. Further details may be found in Eisberg, (9) Stehle (14) and Tomonaga.
(15)
PROPERTIES OF THE BOHR INTERACTION
Energy considerations
The Bohr interaction model also allows us to make statements about the process where the electron moves from one orbit to another in a way the Dirac interaction does not. We discuss what happens in M first. We suppose that there is an energy imbalance that means energy has to be transferred into or out of the Bohr interaction, for example, thermally or by the absorption or emission of a photon. We preserve the quantum condition in equation ( We discuss L. We could also consider e R to be the distance of the electron from the nucleus in L. If no there is no transfer of energy to or from the environment, then 0 = ∆N and the conservation of energy as implied by equation (4.1.F) forbids the electron to appear anywhere except at a distance from the nucleus equal to the Bohr radius. This occurs because we have taken the nucleus to be a point particle. If instead we augment our model by smearing out the nucleus, for example by including a wave function for it, then this requirement is relaxed. This is true because, roughly speaking, wherever the electron is, there is some non-zero probability that the nucleus is at a distance away equal to the Bohr radius. We discuss one method of smearing out the nucleus below, in sections 4.3 and 4.4, and its representation by a wave function in part (2) of this paper.
Angular momentum eigenvalues
It is possible to take the usual spin operator and lift it into a form applicable to the solution of the versatile Dirac equation ( half, S, must also be added or subtracted, (6) leading to a total angular
In resolution, we suggest that the total angular momentum of the Bohr interaction, E, is made up of a contribution from the orbital angular momentum of the Dirac interaction, O, the spin a half of the electron, S, and a contribution, B, from a rotational phase change the electron acquires each orbit because it has been rotated through π 2 radians. We have
We have to add a selection rule to the effect that E must not correspond
We expand on this. Instead of adding angular momenta we may add phase changes for the electron's bispinors given in the first two of equations (3. We can now understand why the bispinors, 
Electron location for a single angular momentum eigenstate
We discuss the shape of the electron's orbit, starting with an We discuss the location of the electron in L. As we described in detail in section 2.3, we perform a Lorentz transformation ( )
and enter the local frame where the charge density current can be expressed as a charge density. If we have one particle of charge f responsible for the charge density, as we have here, we may
where P′is the charge density and P the probability of finding the particle. We use P rather than .
where M ρ is the probability density and We suppose that at the Bohr radius, when , R r = an observer in L sees a probability of r is the distance of the electron from the 3 x axis, which means that the distribution is not spherical.
Electron and nucleus location for superpositions
We consider the shape of the electron probability distribution where the system is not in a single state but in a superposition. The atom appears spherical, for example, during the absorption or emission of a photon. We therefore fix the position of a centre of rotation for the orbits and consider a superposition of orbits of all possible orientations, with each orientation equally likely. We calculate how the average probability of finding the electron in L, , L P varies under this assumption. whereÃ i is the average potential and we see we have turned the potential in (3.1.B) into an inverse distance from the nucleus law for superpositions. This is the same as the assumption made for the Dirac interaction, apart from a constant of proportionality.
Angular momentum for superpositions
As we saw in our discussion of the wave function for superpositions, The transition between a quantum mechanical spin up and spin down state is only effected when the mapping between the spin and M is altered. (1) In our current case the mapping takes place in equation (3.2.B).
We chose a positive value of n but a negative value is equally permissible. Had we chosen a negative value of n equations (4.2.C) and (3.2.C) would have led to a negative value for the angular momentum.
We have to choose a method of deciding which mapping applies.
The phase change due to the rotation of an electron is classical in the sense it depends upon a classical curved path or rotation on the spot.
Classically, for each orientation of the plane of the electron's orbit a clockwise and an anticlockwise rotation is equally likely. The electron is therefore on average at rest. We suppose that for each orbit the clockwise rotation is mapped to spin up, while the anticlockwise rotation is mapped to spin down and that the electron alternates between the two. The phase change in the bispinors, 
CONCLUSION
We compare the Bohr interaction in M-space to the usual model, the 
